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Abstract
Two common interest-enhancement approaches in mathematics curriculum design are
illustrations and personalization of problems to students’ interests. The objective of these
experiments is to test a variety of illustrations and personalization approaches. In the illustrations
experiment, students (N = 265) were randomly assigned to lessons with story problems
containing decorative illustrations, contextual illustrations, diagrammatic illustrations,
misleading illustrations, or no illustrations (only text; control). Students’ problem-solving
performance and attitudes were not affected by illustration condition, but learning was better in
the control compared to contextual illustrations. In the personalization experiment, students (N =
223) were randomly assigned to story problems that were either personalized based on: a survey
of their interests, their choice of interest topics, a randomly-assigned interest topic, or the
original non-personalized story problem (control). The findings indicated there were benefits for
choice personalization both for performance in the problem set as well as on a later learning
assessment.
Keywords: middle school mathematics; word problems; interest; personalization; visual
representations

Interest-enhancing approaches to mathematics curriculum design: Illustrations and
personalization
Recent research has revealed how many students tend to disengage with mathematics
learning over adolescence (Deieso & Fraser, in-press; Frenzel, Gotez, Pekrun, & Watt, 2010),
and increasingly have difficulty seeing the relevance of mathematics to their lives (McCoy,
2005). Accordingly, methods of increasing interest in educational contexts has been an important
topic in educational psychology (Harackiewicz, Smith, & Priniski, 2016). Some interventions to
enhance students’ interest in curricular materials include adding colorful illustrations (Durik &
Harackiewicz, 2007), personalizing instruction to students’ out-of-school interests in topics like
sports or music (Walkington, 2013), and giving learners control and choice in their learning
activities (Patall, 2013; Potvin & Hasni, 2014). Although many of these interventions have
shown promise for eliciting interest, consideration is not always given to the cognitive
implications of these modifications. Better understanding of these modifications would be
informative for curriculum design.
Specifically, features designed to enhance interest may become seductive details (Harp &
Mayer, 1998; Lehman, Schraw, McCrudden, & Hartley, 2007) and distract learners from
grappling with the mathematical concepts that should be their central focus. In addition, if
learners become accustomed to these kinds of interest-enhancing supports that provide context,
they may struggle in situations where they must solve abstract mathematics problems, as
described in learning theories related to desirable difficulties (Schmidt & Bjork, 1992). Research
on desirable difficulties suggests that learners may benefit more in the long term from a lack of
support in their learning environment, as this forces them to truly grapple with key concepts and

make important conceptual connections on their own (e.g., Fyfe & Rittle-Johnson, 2017;
Schweppe & Rummer, 2016).
In the present set of two experiments, we examine several interest-enhancing
interventions – including illustrations, personalization, and choice – in an online curriculum for
middle school mathematics. We examine the short-term effects of these modifications – whether
the interest enhancement is supportive or not for solving the intervention activities – as well as
the long-term effects on student learning – whether the interest enhancement is a crutch or a
scaffold for subsequent assessments of learning from the intervention problems. Both short-term
and long-term outcomes like these are critical considerations for curriculum designers,
particularly as interest-enhancements have become more common in online materials where
technology can allow for adaptivity and choice. We next review the relevant literature relating to
spurring interest and ensuring coherence during learning activities.
Theoretical Framework
Interest Theory
As students become increasingly disengaged with mathematics over adolescence, one
response from instructional designers may be to design materials that elicit students’ interest –
defined as the state of engaging and the predisposition to re-engage with particular objects,
events, topics, or ideas (Hidi & Renninger, 2006). Higher levels of interest have been associated
directly with improved performance and learning (Harackiewicz, Durik, Barron, Linnenbrink, &
Tauer, 2008; Potvin & Hasni, 2014). Kim, Jiang, and Song (2015) analyzed a large dataset and
found interest in mathematics to be predictive of achievement in middle and high school math.
Higher interest is connected to important mediators of learning like attention,
engagement, persistence, perceived competence, and use of learning strategies (Flowerday &

Shell, 2015; Kim et al., 2015; Linnenbrink-Garcia, Patall, & Messersmith, 2013), and with
variables like self-efficacy, self-regulation, and achievement goals (Sommet & Elliot, 2017; Hidi
& Ainley, 2008). Modifying instructional materials using approaches like personalization and
visuals can elicit affective changes like increased engagement associated with triggered
situational interest, which is also characterized by persistence, focused attention (Ainley, Hidi, &
Berndorff, 2002; Hidi & Renninger, 2006), and improved learning (Heddy, Sinatra, Seli,
Taasoobshirazi, & Mukhopadhyay, 2017). This interest could increase motivation to engage in
solving the problems (see Mayer, 2014a, for discussion). Interest can be triggered by task
characteristics – including task characteristics that are salient, personally relevant, surprising,
evocative, or concrete (Hidi & Renninger, 2006). Developing testing task characteristics that can
trigger situational interest is important, because initial interest in mathematics lessons could
prompt later motivation to engage in mathematics (Bernacki & Walkington, 2018; Mayer, 2014a;
Rotgans & Schmidt, 2017). Motivation to engage in content has been shown to promote full use
of cognitive resources and deeper processing of the content (Clinton, 2015; Mayer, 2014a; Miele
& Wigfield, 2014). Therefore, it is possible that the inclusion of interest-enhancing triggers (such
as visuals and personalization) could enhance learning because of increases in motivation.
The Coherence Principle and Desirable Difficulties
Although we normally think about higher interest as consistently being beneficial in
educational settings, it has also been observed that interest enhancements in mathematics may
only be tenable if they are relevant to the content to be learned (Mitchell, 1993), rather than
being extraneous. For example, Walkington and Bernacki (2014) describe how personalization
can be implemented deeply by examining how students actually use academic concepts in their
day-to-day life, or in a shallow manner by swapping interesting popular culture terms into

problems. Such shallow approaches to personalization have shown gains in reported interest,
with no reported increase in learning (e.g., Høgheim & Reber, 2015). Similarly, instructional
materials can be made more interesting by making them colorful with interesting fonts or
decorative graphics (e.g., Durik & Harackiewicz, 2007; Magner, Schwonke, Aleven, Popescu, &
Renkl, 2014) or by adding in meaningful visuals that display key relationships and ideas in the
domain (Booth & Koedinger, 2012). This captures the idea that more interest may not always be
beneficial – students need to be supported in focusing on domain-relevant principles rather than
superficial, exciting features (Walkington et al., 2014). In this way, meaningful visuals would
likely be a more effective interest-enhancing approach for learning than irrelevant, yet appealing
pictures.
This idea is supported to research previously alluded to on seductive details and desirable
difficulties. The seductive detail effect (Harp & Mayer, 1998) is the idea that adding interesting
but irrelevant information to learning materials may hamper performance by increasing cognitive
processing demands that are extraneous. This leads to Mayer’s (2017) coherence principle,
which states that learning will be enhanced when extraneous words, pictures, or sounds are
removed from learning materials. Perceptually rich learning materials may thus be harmful to
learning, although this effect may be moderated by student characteristics (Cooper, Sidney, &
Alibali, 2018; McNeil, Uttal, Jarvin, & Sternberg, 2009; Petersen & McNeil, 2013; Son &
Goldstone, 2009).
Research on desirable difficulties (Bjork, 2018) takes the somewhat provocative stance
that in-the-moment enhancements to students’ speed or accuracy while they are in the process of
learning may not be predictive of how much they actually learn – their long-term retention or
transfer. Instead, a cognitively challenging learning experience where students struggle and

encounter difficulty may optimally support their long-term growth and learning. Researchers
who take this perspective (e.g., Walkington, 2013) often make a distinction between
“performance” (i.e., how the student performs immediately on modified problems) and
“learning” (i.e., how the student performs later on, once the intervention is removed). However,
what makes a difficulty “desirable” or “undesirable” is subject to a host of contextual factors,
making research in this area somewhat problematic (McDaniel & Butler, 2010). Thus, we next
review the available evidence on two sources of interest-enhancement in mathematics, visual
representations and personalization, on learning outcomes.
Literature Review
Visual Representations
One way in which curriculum designers seek to make materials more interesting is
through visual representations such as illustrations. Middle school mathematics materials in the
United States often contain illustrations that do not convey mathematical information that are
intended to enhance interest (Clinton & Cooper, 2015; Mayer, Sims, & Tajika, 1995). These
illustrations may be solely decorative (e.g., a picture of a student smiling) and intended to make
the materials more appealing (Schneider, Nebel, & Rey, 2016). Considerable support has been
found for the coherence principle regarding the removal of purely decorative illustrations to
improve student learning, which are often referred to as seductive details (Berends & van
Lieshout, 2009; Jaeger & Wiley, 2014; for a review, see Rey, 2012).
In addition to decorative illustrations, mathematics materials often have contextual
illustrations intended to both enhance interest and to assist with comprehension. Contextual
illustrations, also referred to as representational illustrations, convey information related to the
story problem or lesson (e.g., a picture of a tent next to a story problem involving camping;

Clinton, Michaelis, Cooper, Alibali, & Nathan, 2017; Cooper et al., 2018). Although there is
evidence contextual illustrations enhance interest (Walkington, Cooper, & Howell, 2013;
Walkington, Cooper, Nathan, & Alibali, 2015), the influence of contextual illustrations on
mathematics performance and learning is a complex issue. There is evidence that contextual
illustrations may aide in comprehension, at least for narratives (Pike, Barnes, & Barron, 2010).
Furthermore, scientific problem solving appears to be facilitated when critical information is
portrayed in contextual illustrations compared to only text (Lindner, Ihme, Sab, & Koller, 2016;
Saß, Wittwer, Senkbeil, & Köller, 2012). However, in studies in which middle school students
solved problems that required applying real-world information, there was no effect of contextual
illustrations on realistic answers (Dewolf, van Dooren, Ev Cimen, & Verschaffel, 2014). Based
on analyses of interviews with middle school students, it appears that contextual illustrations are
often not perceived by students as helpful for problem solving (Dewolf, 2014).
One way in which contextual illustrations may be applied and be both helpful and
interesting would be to have them convey relevant mathematical information in addition to
providing perceptually-rich representations (Dewolf et al, 2014). In this way, a diagrammatic
illustration (i.e., a contextual illustration with mathematical information) could provide
scaffolding for problem solving as well as interest enhancement through perceptually rich
features (Cooper et al., 2018). There is limited research specifically examining diagrammatic
illustrations (see Cooper et al., 2018 for an exception), but there is a wealth of research on
diagrams. Research into the effects of diagrams in middle school mathematics includes topics
such as the creation of schematic diagrams for spatially-oriented arithmetic word problems
(Boonen, van Wesel, Jolles, & van der Schoot, 2014), the use of diagrams in algebra word
problems (Booth & Koedinger, 2012), and the use of diagrams in proportional reasoning tasks

(Jitendra & Star, 2012). Generally speaking, diagrams appear to be helpful for mathematics
learning and problem-solving performance, provided the diagram is understood by the student
(Booth & Koedinger, 2012; Clinton, Alibali, & Nathan, 2016; Cooper et al., 2018). Indeed,
effectively using visual representations in one way in which to improve problem solving by
middle school students (Woodward et al., 2012). Indeed, effectively using visual representations
is one way in which to improve problem solving in middle school (Woodward et al., 2012).
Therefore, a diagrammatic illustration may be both helpful for mathematics performance and
interest enhancing.
Research Questions and Hypotheses. In the first experiment reported in this manuscript
on curriculum design techniques to enhance interest, we examine these complex issues by
comparing a variety of types of illustrations accompanying story problems. Based on our
observations that contextual illustrations often portray inaccurate mathematical information, a
category of misleading illustrations were included (see Kajander & Lovric, 2009, for a
discussion of how visuals can foster misconceptions in mathematics) in addition to decorative,
contextual, and diagrammatic illustrations. There was also a control in which no illustrations (or
any other type of visual) accompanied the problems.
To have a robust understanding of student experiences with these visuals, we addressed
two research questions. The first research question regarding interest-enhancing approaches in
curriculum design was: How do different types of illustrations or no illustration alongside story
problems at all affect students’ immediate problem-solving accuracy and their learning as
indicated through performance on a later assessment without illustrations? Our first hypothesis,
the diagrams hypothesis, was that the diagrammatic illustrations would be helpful for problemsolving performance as they provided information relevant to the mathematics and the context of

the story problem, which would make the problems more comprehensible and subsequently more
interesting (Connelly, 2011; Magner, Glogger, & Renkl, 2016). Based on the coherence principle
(Mayer, 2014b), another hypothesis, the irrelevance hypothesis, was that the irrelevant
illustrations intended to enhance interest—both those that are misleading (with inaccurate
mathematic information portrayed) and those that were purely decorative (unrelated to either the
context of the story problem or the mathematics)—were predicted to interfere with learning both
for solving the intervention problems and for later learning assessments.
One concern is that visuals which communicate information relevant to the lesson,
whether these visuals be mathematically relevant diagrams or contextual illustrations, may
actually interfere with learning as measured on later assessments. This is because struggling to
understand the problem may be a desirable difficulty that could improve long-term learning,
which would be shown on later assessments (e.g., Schweppe & Rummer, 2016). For this reason,
we developed the text alone hypothesis in which a lack of support from visuals during the
learning process, would lead to better performance on later assessments of learning.
The second research question regarding interest-enhancing approaches in curriculum
design was: How does the presence of an illustration, intended to be interesting, compared to no
visual at all affect students’ attitudes towards the story problems? Here we hypothesized that that
including an illustration, whether decorative, contextual, diagrammatic, or misleading, with a
story problem would yield more positive student attitudes than a story problem with only text
(illustrations and interest hypothesis). This hypothesis was based on previous research findings
that adding illustrations may improve attitudes towards the lesson (Durik & Harackiewicz, 2007;
Magner et al., 2014).
These four hypotheses will guide our first experiment of the curriculum design approach

to enhance interest through illustration in mathematics story problems. We now turn to the
interest-enhancement methods for curricula used for our second study – personalization and
choice.
Personalization and Choice
One curriculum design method to enhance student interest in mathematics is
personalization. Personalization is an instructional approach that connects mathematics tasks to
students’ out-of-school interests in topics such as sports, shopping, and video games
(Walkington, 2013). Walkington and Bernacki (2014) discussed the three important curriculum
design criteria for interventions seeking to personalize learning. The first criterion is a
consideration of the depth of the personalization intervention – whether the intervention is
designed to elicit and draw upon the deep knowledge students have of actually pursuing their
interest area, or whether the intervention merely taps into surface features of their interest area
(by, for example, simply inserting words into learning tasks related to this interest). The second
criterion is a consideration of the ownership of the intervention – whether students take an active
role in personalizing their own learning, or whether the personalization is imposed upon them by
the outside with little student control of the learning experience. The third criterion is a
consideration of the grain size of the intervention – whether the intervention is intended to be
broadly personalized to the interests of all members of a particular age group, school, or class, or
whether the intervention truly utilizes adaptivity to match instruction to an individual’s specific
and unique interests. We next discuss prior research on personalization using these three criteria
as a lens for interpreting research results.
Depth. In one of the most well-known studies of personalization and choice, Cordova
and Lepper (1996) found that personalizing instruction on order of operations to elementary

students’ interests (accomplished by replacing words in problem tasks with words students filled
in on questionnaires) enhanced learning on a post-test compared to a control condition. They
further found that students in conditions where they were given choice over incidental aspects of
the problem scenarios performed significantly higher at post-test than those given no choice,
suggesting that students’ level of ownership is an important factor in promoting learning. Similar
findings for the benefit of personalized problems were also reported for arithmetic word
problems involving addition and subtraction around the same time period (Anand & Ross, 1987;
Davis-Dorsey, Ross, & Morrison, 1991). However, later studies have shown null effects on
learning for personalized learning interventions of this type (Bates & Wiest, 2004; Caker &
Simsek, 2010, Ku & Sullivan, 2000; Reber, Hetland, Chen, Norman, & Kobbeltvedt, 2009).
Walkington (2013) conducted a study of personalization to ninth grade students’ interests
in the Cognitive Tutor Algebra software. The study found both short-term performance and longterm learning gains for the personalization condition compared to the control condition. In a
follow-up study, Bernacki and Walkington (2018) found that personalization triggered students’
immediate interest in the learning task, and enhanced the efficiency (time) at which the students
learned. This triggered interest became maintained over time, and over the course of the school
year transformed into interest in the domain of mathematics. Through these pathways, receiving
personalization had a small effect on paper-based classroom assessments. These two studies had
a greater depth than the studies previously reviewed with null effects on learning (Bates & Wiest,
2004; Caker & Simsek, 2010, Ku & Sullivan, 2000; Reber et al., 2009), as problem contexts
were developed based on interviews and surveys with students at the school site about how they
actually used numbers and quantities while pursuing their interest areas. However, Walkington
and Bernacki (2018) compared deep versus shallow personalization in Cognitive Tutor Algebra,

and found that deep personalization was only better if students had sufficiently deep prior
knowledge of how numbers were used in their interest areas.
Grain Size. In terms of grain size, Lopez and Sullivan (1992) found that both individualand group-level personalization supported performance over a control group, but that these two
conditions were not significantly different from each other. Group-level personalization involved
connecting instruction to the interests of groups of students, rather than individual students, thus
had a larger grain size. In more recent work, Walkington and colleagues (2015) examined if
there were particular broad topics for algebra story problems that adolescents generally
performed better on. Story problems involving socializing and home and family contexts were
generally associated with higher performance than scenarios involve physics, banking, or
business, although effect sizes were small. This suggests that personalization at a broad grain
size – where students receive problems based on group-level interests rather than receiving
problems specifically tailored to individual interests, may still be an effective strategy for
improving student learning.
Ownership. Walkington and Bernacki (2015) and Walkington and Hayata (2017)
conducted studies in which students posed, solved, and shared problems related to their interests
during pull-out interviews. They found that students who learned from the activity and who were
successful at the activity typically had deeper knowledge of their interest areas, sufficient prior
mathematical knowledge, and an understanding of the norms surrounding how to write clear and
solvable school math problems. Following this research, Walkington (2017) reported a
classroom intervention in which middle school students posed, solved, and shared algebra
problems related to their interest areas, and found positive effects for both interest and learning
compared to a business as usual condition. This personalization had great depth - as students

were posing problems related to how they used numbers in everyday contexts they encountered and significant student ownership – as students were writing the problems themselves. The grain
size was medium, as students posed the problems in groups with other students who shared their
same interest area. Manipulating the depth, grain size, and ownership of personalization
interventions to enhance interest seems to have an important impact on outcomes.
Research question and hypotheses. The research question for the second experiment on
the interest-enhancement approach of curriculum design through personalization of this
manuscript was: How do different approaches to personalization affect students’ accuracy on
personalized problems and their performance on a non-personalized later assessment? To address
this research question, sixth grade students received either (1) normal, non-personalized
problems in Reasoning Mind (control), (2) problem variations selected to be matched to their
interests based on an interests survey they had responded to earlier (survey personalization), (3)
random personalized problem variations not selected via a survey (random personalization), or
(4) personalized problems relating to topics of their choice (i.e., they could choose which
problem they wanted to solve; choice personalization).
We tested the depth of the personalization with two different problems. Students in each
of the four conditions received two tasks as part of the intervention. We designed one task to be
shallow and to tap into students’ interest area in a shallow manner only. The other task was
designed to be deep and describe a specific, detailed, and engaging story about their interest area.
Our hypothesis (the depth hypothesis) is that personalization of the story context to student
interests (either determined by choice or survey) will have a larger effect for the deep
personalized task than for the shallow personalized task.

The four conditions varied in the ownership of the personalization, or the degree of
choice. The control and random personalization conditions had little or no student ownership, as
students had no real input into their learning task and its degree of match to their interests. The
survey personalization condition might have a very low level of ownership, if students recalled
taking the interests survey and realized that tasks were being assigned to them based on their
preferences. The choice personalization condition had a higher level of ownership – students
took an active role in determining which personalized problem they wanted to solve and thus
were able to exhibit control over their learning experiences. Our second hypothesis (ownership
hypothesis) is that the condition with a high level of ownership (choice personalization) will
outperform the other conditions on both solving the intervention problems and performance on a
later assessment of learning from these problems.
The grain size of the personalization varied in the conditions. In the control condition,
the grain size was very broad – students received problems on whatever topics the curriculum
designers deemed appropriate. In the random personalization condition, the grain size was
somewhat broad – students received problems written by researchers with an explicit goal of
being relevant to the interests of students of this age group, but not problems that were selected
to be relevant to their particular interests. In the survey personalization and choice
personalization conditions, the grain size was smaller – students received problems that were
personalized to particular topics they expressed interest in either on a survey, or when they
selected their own problem. Our third hypothesis (grain size hypothesis) was that smaller grain
size conditions (survey and choice personalization conditions) would outperform larger grain
sized (control and random personalization conditions) on both solving the intervention problems
and performance on a later assessment of learning from these problems.

Because of the benefits of desirable difficulties, it is possible that interest-enhancement
approach personalization would benefit performance on the intervention problems, but interfere
with performance on a later learning assessment (Schmidt & Bjork, 1992). This is because the
motivational support provided by problems personalized to interests could prevent students from
struggling with the content in a productive manner that could engage them more deeply
(Walkington & Bernacki, 2018). Moreover, the students could become accustomed to
personalization (as in the survey personalization and choice personalization conditions) or topics
designed to interesting for their age group (as in the random personalization condition) and the
items on a later assessment would not be interesting. For this reason, we developed a counter
hypothesis (the no personalization hypothesis) to previous ones expecting benefits from
personalization. Based on the no personalization hypothesis, solving problems in the control
condition would yield better performance on the later assessment than the other conditions.
In this manuscript, we expand on previous research on interest-enhancement in
curriculum design by examining several different types of illustrations and several different
approaches to personalization in an online, adaptive mathematics curriculum, and examine their
effect not only on immediate performance on intervention problems, but on later performance on
assessments as well. In this way, we are testing a variety of approaches enhancing interest in
mathematics problem-solving and learning that are afforded in online adaptive curricula. By
examining a variety of approaches, we can have a comprehensive examination to help guide
decisions of curriculum designers. We specifically examine whether interest enhancements that
may benefit students in the short-term – like visuals and personalization – have lasting effects on
student learning.
Method

Context
Both studies took place within the Reasoning Mind 6th grade curricula, dubbed “Genie 3.”
Reasoning Mind is a mathematics blended learning system developed by a nonprofit
organization of the same name. Within this system, students study mathematics on computers
during their mathematics class time while their teacher is free to conduct targeted interventions
with students or groups who are struggling with a concept. Typically, there were 20-25 students
in a class. The system is worked with in school where students have access to the classroom
computers to use the curricula. The amount of mathematics instruction and time devoted to the
Reasoning Mind curriculum varied by class.
In Genie 3, the student is immersed in a lesson environment that includes a tutor
character, two other student characters, and a virtual blackboard. The three characters are
scripted and speak (narrated by human voices) to each other and to the student, simulating a
small tutoring session. They also write on and point to things written on the virtual board with
animated markers. The student characters make common mistakes which the real student is
asked to correct, these student characters also help the real student when he or she has difficulty
with the material, and they interact with the real student and the tutor in ways that promote
beneficial mathematical attitudes and beliefs (see Figure 1 for a screenshot of Genie 3). This rich
interactive environment provides a social context which allows students using Genie 3 to engage
in the key practices of mathematical work and reasoning embodied in the Common Core
Standards for Mathematical Practice (Common Core Standards for Mathematical Practice, 2015).
It also incorporates research-supported principles of online curriculum design: the use of audio to
complement written text and explain visual illustrations (Clark & Mayer, 2016), instruction
coming from socially convincing pedagogical agents using polite, direct, and informal speech

(Wang, Johnson, Mayer, Rizzo, Shaw, & Collins, 2008), use of gestures to help connect auditory
and visual information (Peeters, Snijders, Hagoort, & Özyürek, 2017; see Mulqueeny, Kostyuk,
Baker, & Ocumpaugh, 2015). Independent evaluations found that the program improves student
performance on mathematics assessments (Boriack, Stillisano, Wright, & Waxman, 2015;
Waxman & Houston, 2012; see Khachatryan et al., 2014). Quantitative field observations of
student affect and engagement have found that students using Reasoning Mind were on task and
engaged more often than the average for traditional or other blended learning classes
(Mulqueeny et al., 2015).
Participants
Both experiments took place in two small urban middle schools in the United States.
Experiment 1 (visuals) involved 265 6th grade students, while Experiment 2 (personalization)
involved 223 6th grade students. The demographic makeup of each school (both involved in both
experiments) is presented in Table 1.
Experiment 1: Visuals
Materials. Experiment 1 included 4 fractions tasks across Lessons 88 and 89 of the
curriculum. All four tasks gave a fractional measurement (e.g., 3/8 of a meter), and then
described what part of a whole this measurement was (e.g., was 21/40 of the whole length). The
students then had to solve for the whole (see Figure 2 for an example). Students were randomly
assigned to one of five conditions (see Figure 2): 1) a control condition with no illustrations for
the 4 tasks (text only control), 2) a condition with illustrations related to the story context and
contained no mathematical information (contextual illustration), 3) a condition with
diagrammatic illustrations that contained correct mathematical information (diagrammatic
illustration) 4) a condition with diagrammatic illustrations that contained incorrect mathematical

information (misleading illustration), and 5) a condition with illustrations that had nothing to do
with the story context (irrelevant illustration). The misleading illustration condition was added
based on the observation that some of the illustrations already in the curriculum were actually
misleading – for example, there would be a task about a snake who had one third of his length
wrapped around a pole, but the illustration would display a snake completely wrapped around a
pole. The diagrams were designed to be supportive rather than essential (i.e., the task could be
solved without looking at them). This is common in math curricula, and it allowed for the
problems to still be solvable in conditions where the visuals were purely decorative. All four of
the tasks a student was assigned had the same visual condition.
Measures. All measures were completed on a computer through the Reasoning Mind
curriculum. The first outcome measure was student performance on the intervention tasks
described in Materials. Student performance was measured with a simple correct or incorrect
(0/1) for each problem within the task. Problems are defined as cells that the student had to fill in
while solving the problem scenario that were evaluated by the system for mathematical
correctness (5-6 problems per task). The correct/incorrects were then averaged across all
problems to give a final score on each task. The second outcome measure was the score on a
brief post-intervention quiz immediately after the two intervention units (Lessons 88 and 89) that
was used as a measure of learning (see Appendix for items). These items were scored 0 if
incorrect and 1 if correct (for the entire task). Data were also available for students’ response to
the prompt “How much did you like this lesson?” on a 5-point scale (Terrible, Bad, OK, Good,
Great) for Lessons 88 and 89. Prior knowledge was assessed through performance on the
previous unit test and previous lesson tasks (Lesson 87) as controls.
Data Analysis. Data were analyzed using linear regression models that predicted

accuracy on each of the intervention tasks (compiled across the various problems, with one
problem consisting of one prompt the learner typed a numerical response into) and percentage of
problems correct on the post-intervention quiz. Predictors included Condition (number of levels
depending on the hypothesis being tested), as well as controls for prior knowledge (previous unit
test and previous lesson performance). Models were fit using the lmer() package (Bates &
Machler, 2010) in the R software environment.
Experiment 1: Results
The performance on the intervention tasks (averaged) was examined (see Figure 3 for
adjusted means and standard errors by condition). The diagrams hypothesis was tested by
comparing diagrammatic illustrations to all other conditions. As can be seen in Table 2, problemsolving accuracy was not better for problems with diagrammatic illustrations (noted as “ref.”
because it was the reference condition) compared to other conditions. Therefore, the diagram
hypothesis was not supported by the findings.
The irrelevance hypothesis (irrelevant illustrations—either decorative or misleading—
would interfere with problem-solving performance) was tested by grouping the decorative
illustration and misleading illustration conditions together and comparing to the other three
conditions. Problem-solving accuracy was not affected by the presence of irrelevant illustrations,
B = -1.65, SE = 2.2, t = .78, p = .44 (previous unit test and previous lesson performance were
positive predictors, B = .10, SE = .04, t = 2.4, p = .02; B = .74, SE = .04, t = 17.08, p < .001). The
second part of this hypothesis, that irrelevant illustrations would interfere with later performance
on text-only problems, was tested in a similar manner as performance on the intervention tasks
with the post-intervention quiz was the dependent variable (see Figure 4 for adjusted means and
standard errors by condition). Performance on the post-intervention quiz was not affected by the

presence of irrelevant illustrations in the lessons, B = -.56, SE = 4.65, t = -.12, p = .90 (previous
unit test and previous lesson performance were again positive predictors, B = .46, SE = .09, t =
5.08, p < .001; B = .20, SE = .09, t = 2.07, p = .04). Therefore, the irrelevance hypothesis was not
supported by the findings.
The text alone hypothesis was that no illustrations with the intervention tasks would be
better for performance on the post intervention quiz. This was tested by comparing the no
illustration condition to the other conditions grouped together. As can be seen in Table 3, the no
illustration condition performed significantly better than the contextual illustration condition and
marginally better than the diagrammatic illustration condition. This provided partial support for
the text-alone hypothesis.
The illustrations and interest hypothesis was that students would have more positive
attitudes towards lessons with illustrations (of any type) than text alone. Students’ interest ratings
on the two lessons were averaged, and entered into a linear regression model predicting average
lesson rating based on Condition (with the four illustration conditions in one group) as well as
their ratings of the four prior lessons as controls (see Figure 5 for adjusted means and standard
errors by condition). Data for 49 students was missing due to the student not answering the
prompt for either of the lessons. Students who received illustrations did not differ in their ratings
of how much they liked the lessons compared to students who did not have illustrations, B = .08, SE = .17, t = -.5, p = .62. Prior lesson rating was a positive predictor, B = .79, SE = .05, t =
16.51, p < .001. Therefore, the illustrations and interest hypothesis was not supported by the
findings. We now move to a discussion of our second experiment on the interest enhancements
of personalization and choice.
Experiment 2: Personalization & Choice

Procedure. A survey assessing student interest in each of the topic areas (sports,
shopping, video games, or food) was given one month prior to the intervention lesson. Students
were asked to rate their level of interest in each topic (0-It’s boring, 1-It’s okay, 2-I like it, 3-It’s
my favorite thing), describe how many hours per day they spend on the topic (0-30 minutes, 30
minutes-1 hour, 1-2 hours, 2 hours or more), and rate how much they know about the topic (0almost nothing, 1-a little, 2-a good bit, 3-a whole lot) on 4-point scales. Problems were chosen
for students in the survey personalization condition (Condition 2) based on the topic they said
they had the highest level of interest in. If a student rated two topics as equally interesting, the
topic they reported spending more time each day on was chosen.
Experiment 2 involved two tasks involving rates in Lesson 103 of the Reasoning Mind
curriculum (Figure 6). Students were randomly assigned to one of four conditions: 1) a control
condition with the standard tasks already in the unit (control), 2) a condition where the topic of
the tasks are assigned based on students’ reported interest in the 4 personalized topics (sports,
food, shopping, and video games) on an interest survey given to all conditions (survey
personalization), 3) a condition where students are randomly assigned to one of the four
personalized versions of the tasks (random personalization), and 4) a condition where the student
is able to choose the problem topic from the four personalized topics right before working on the
tasks (choice personalization).
Depending on the condition the student was assigned to, students were given one of four
versions of the same task. In each version, the numbers and questions remained the same, but the
topic of the task was changed. The control versions of the tasks are in Figure 6. The other four
versions of the tasks were personalized and changed the topic to sports, shopping, video games,
or food. For the first task (shallow personalization), the personalization was accomplished by

simply swapping out the word “books” for another noun – footballs, lollipops, necklaces, and
crystals. For the second task (deep personalization), the personalization was deeper as more
words were swapped out – each of the locations was replaced with a setting that someone who
engaged in the personalized topic would be interested in. For example, the video game variation
discussed someone traveling to an Enchanted Forest, Dragon Cave, and Wizard’s Tower while
playing a video game. The syntax of the task was kept the same across conditions given how this
is known to affect the readability of mathematics problems (Walkington et al., 2015).
Measures. To assess prior knowledge, we used two measures of student mathematical
knowledge. First, we controlled for students’ accuracy in the “Guided Study” section of
Reasoning Mind over the course of the school year. Guided Study is the main study mode in
Reasoning Mind. This mode contains the warm-up, presentation of new concepts and ideas, and
practice on novel problems. Second, we controlled for students’ average level of performance in
the lesson prior to the intervention lesson.
As with Experiment 1, problem-solving performance on each of the problems within each
task described in Materials was examined. The first task contained 4 problems, while the second
task contained 3 problems. The post measure was a unit test available in the software (see
Appendix for items). As with Experiment 1, all measures were completed on a computer through
Reasoning Mind.
Data analysis. Data were analyzed using mixed effects linear regression models that
predicted: percentage of problems correct on intervention task 1, percentage of problems correct
on intervention task 2, and percentage of problems correct on the posttest. The two intervention
tasks were examined separately because the depth of personalization differed (shallow for task 1,
deep for task 2). Predictors included Condition (number of levels depending on hypothesis

tested), Guided Study Accuracy, and mean percent performance in the previous Reasoning Mind
lesson.
Experiment 2: Results
We examined the intervention tasks separately to test the depth hypothesis (that
personalization would have more of an effect when deep rather than shallow). On the first task
(shallow personalization), there were no performance differences between the control condition
and any of the personalization conditions (see regression tables on Table 4; Figure 7 for adjusted
means and standard errors by condition). On the second task (deep personalization), the same
analyses were conducted (see regression tables on Table 5; Figure 8 for adjusted means and
standard errors by condition). As can be noted on Table 5, choice personalization and survey
personalization had higher levels of problem-solving accuracy than did the control. This benefit
of deep, but not shallow personalization supports the depth hypothesis.
The ownership hypothesis (that choice personalization would be more effective than the
other conditions) was tested by comparing the choice personalization condition to the other
conditions on problem-solving performance on the deep personalization task (the shallow
personalization task was not examined based on the depth hypothesis analyses) and the posttest.
As can be noted on Table 6, problem-solving performance in the choice personalization
condition was significantly better than the control condition, but there were no differences
between choice personalization and the survey or random personalization conditions. For the
posttest, performance in the choice personalization condition was significantly better than the
random personalization condition, but there were no differences between choice personalization
and the survey or control conditions (see Table 7 for regression statistics; see Figure 9 for
adjusted means and standard errors by condition). Thus we find some limited support for the

ownership hypothesis.
The grain size hypothesis, that smaller grain size would yield better performance, was
tested by comparing the smaller grain size conditions (choice and survey personalization) and the
broader grain size conditions (random personalization and control). For the deep personalization
task, the smaller grain size conditions had better problem-solving performance than the broader
grain size condition, B = 6.89, SE = 2.96, t = 2.33, p = .02. However, this did not carry over to
better performance on the posttest, B = 4.84, SE = 4.24, t = 1.14, p = .25. Thus we find support
for the grain size hypothesis only for immediate performance, and not for longer-term learning.
In the no personalization hypothesis, the control condition was expected to outperform
each of the other three conditions on a non-personalized later assessment. As can be seen in the
regression statistics in Table 8, the control condition did not perform reliably better than any
other condition (see Figure 9 for adjusted means and standard errors by condition). Thus we do
not find support for the no personalization hypthoesis.
Discussion
In two experiments, a variety of interest-enhancing curriculum design methods for story
problems were examined. In the first experiment, four different types of visuals (decorative
illustrations, contextual illustrations, misleading illustrations, and diagrammatic illustrations) as
well as text alone were examined for their effects on problem-solving performance, learning, and
attitudes towards the lesson. In the second experiment, variations in personalization in terms of
depth, grain size, and ownership were examined for their effects on problem-solving
performance as well as learning. In the following sections, we discuss the hypotheses for each of
these experiments and whether or not the findings support these hypotheses.
Visual Representations

Illustrations are often used as an interest-enhancement approach in curriculum design
(Magner et al., 2014). The implications on problem-solving performance and learning of
multiple types of illustrations were tested. We examined diagrammatic illustrations as a potential
means of supporting problem solving. Diagrammatic illustrations were expected to yield better
performance on intervention problems compared to the other conditions (diagram hypothesis).
The presence of mathematical information in visual format was expected to complement the
verbal information, thereby it was thought this would help students to understand the story
problem as a whole (Mayer, 2017; Schnotz, 2002), which could also make the problem more
interesting and engaging (Connelly, 2011; Magner et al. 2016). However, the findings indicated
that problem-solving performance was not better if accompanied by a diagrammatic illustration
compared to the other conditions. One reason for this could be that, because the diagram was
illustrated, it was not perceived as mathematically useful or relevant, similar to findings on
contextual illustrations (see Dewolf, 2014).
According to the coherence principle (Clark & Mayer, 2016), visuals that are irrelevant to
the story problems would interfere with learning because such visuals are unnecessary
information to process. Therefore, we expected student whose story problems had irrelevant
visuals (decorative and misleading illustrations) to perform less well than students with story
problems in other visual conditions (irrelevance hypothesis). However, the findings indicated
that these irrelevant visuals did not interfere with either performance on the intervention
problems or the later assessment of learning from the intervention problems. This finding is
consistent with previous findings that similar types of visuals did not appear to influence middle
school students learning from a mathematics lesson (Clinton et al., 2017). One reason these
irrelevant illustrations did not appear to distract from the story problem could be that these types

of visuals are quite common in mathematics materials (Clinton & Cooper, 2015; Mayer et al.,
1995) and students may be used to seeing them. Alternatively, it is possible that the design of the
irrelevant illustrations in this study were not distracting enough to cause detriments to learning.
In previous work on how the seductive details effect interfered with learning, the irrelevant
visuals had to do with life-threatening issues (Harp & Mayer, 1998), the irrelevant visuals were
purposefully placed to be noticed by the participants (Chang & Choi, 2014), or there were
multiple distracting visuals (Sanchez & Wiley, 2006).
One concern about the use of supports such as visuals during the learning process is that
students may become reliant upon them and have difficulty when assessed without these visuals.
In this way, only having text while learning the mathematics could be a desirable difficulty that
would promote student learning long term (Bjork, 2018). On the assessment of learning, students
who had no illustrations (text alone) with their story problems performed better than students
who had contextual illustrations with their story problems, providing some support for the text
alone hypothesis. It is possible that students who only had text for their story problems
outperformed those who had contextual illustrations because the text alone provided a desirable
difficulty. However, there were no differences between text alone and the other types of
illustrations on the assessment of later learning.
Although the illustrations were intended to enhance student attitudes towards the
problems, there was no evidence to support the illustrations and interest hypothesis in which the
illustrations yielded better attitudes towards the lessons than did only text. These findings
conflict with other findings in which materials with colorful and vivid pictures were considered
more interesting than the materials without these images (e.g., Cooper et al., 2018; Durik &
Harackiewicz, 2007). One reason could be that there was only one item to gauge student

attitudes for each lesson and that did not provide sufficient precision to detect an effect. Another
could be that the visuals were not integrated into the problem enough for students to notice and
be affected by them in their overall performance, learning, or attitudes (Hoogland, Pepin, de
Koning, Bakker, & Gravemeijer, 2018). In other words, these illustrations did not actually
enhance interest despite that being the intention in curriculum design.
Personalization
The curriculum design approach through enhancing interest by personalizing problems to
students’ interests was examined in Experiment 2. The two intervention tasks in Experiment 2
varied in the depth of personalization to examine the depth hypothesis that a personalization
would have more of an effect if done in a deep rather than shallow manner. The findings
indicated support for the depth hypothesis. Personalization had no effect on a shallow level, but
students in two of the personalization conditions (choice and survey) did better on solving the
problems that were part of the deep intervention task.
The ownership hypothesis was that students who got to choose which topic their task
would be on (choice personalization) would perform better on solving that task than would
students in other conditions. This hypothesis was somewhat supported in that the choice
personalization benefited problem-solving performance for the deep personalization task
compared to the control condition, but not the two other personalization conditions (random or
survey). For the learning assessment, students who got to choose their personalized tasks did
better than students who were randomly assigned a topic. These findings indicate that having a
sense of choice and ownership may have fostered understanding of and learning from the story
problems, which is consistent with other findings (Høgheim & Reber, 2015). Students who got to
choose their topic may have found the story problems more personally meaningful and

subsequently engaged more deeply in the lesson (see Priniski, Hecht, & Harackiewicz, 2018, for
discussion).
The grain size hypothesis in which narrow topics were expected to promote more
engagement and subsequently have better performance than broad topics was partially supported
by the findings. Personalization with a survey and with choice had the smallest grain size, as
tasks were selected to be relevant to individual learners’ interests. On the other hand, the control
condition and random personalization conditions had larger grain sizes, as the tasks were simply
written to be understandable contexts for sixth grade students. On the deep personalization task,
students with problems in the survey and choice personalization conditions (narrow grain size)
outperformed those in the control or random personalization conditions (broad grain size),
indicating that a combination of grain size and depth may be optimal for problem-solving
performance (see Walkington & Hayata, 2017, for discussion). However, these findings did not
carry over to the learning assessment. This could be because the benefits of personalization at a
fine grain size may involve extra information to process which could offset some of the benefits
for learning (Walkington & Hayata, 2017).
As with the illustrations experiment, we addressed the possibility that personalization
could inadvertently weaken learning because of desirable difficulties (Richland, Bhork, Finley,
& Linn, 2005). However, the findings indicated no support for the no personalization hypothesis
on the assessment of learning, which is consistent with other findings that scaffolds that facilitate
understanding and enhance interest do not necessarily impede long-term learning (Beitzel &
Staley, 2015; Marsh & Sink, 2010).
Limitations and Future Directions

There were a number of limitations to these experiments that should be noted. Desirable
difficulties was considered a factor in both experiments, however we were not able to get effort
or difficulty ratings, which would be informative as to whether the different types of visuals or
personalization actually made the lesson seem easier. Future work using effort ratings in a
manner similar to a study of computer-based dynamic visualizations and desirable difficulty
would allow for a direct test of this issue (Wichmann & Timpe, 2015).
Individual differences in terms of working memory capacity, mathematics skill, and
interest in mathematics have been noted as important in previous research on visuals and
personalization, but were not considered in this study. This is an important area for future
research. Adaptive environments for K-12 learning have enormous potential to transform
education by catering to individual student knowledge and preferences. As we confront a new,
digital age where instruction is inexorably linked to online curricular systems, understanding the
optimal way to adapt to students’ characteristics will become increasingly important.
Finally, attitudinal measures were not available in for the personalization experiment,
which limits the interpretation of findings. It would be useful in future work to examine how
different approaches to personalization affects student attitudes towards lessons. Such
examinations would further illuminate how depth, grain size, and ownership in personalization
affect students’ experiences with learning mathematics.
Implications and Conclusions
Taken together, the results suggest that curriculum designers need to think critically when
considering interest-enhancing interventions. Our findings indicate that illustrations of various
types alongside story problems do not affect performance on these problems and may actually
interfere with performance on later learning assessments without illustrations. In contrast, the

personalization findings suggest that the addition of interest-based content is not particularly
seductive or distracting, and that it may help if it is well-matched to learners’ actual preferences.
However, the depth of the personalization and how personalized problems are assigned to
students are important. This suggests that when compiling data from multiple studies on interestbased enhancements, it is critical to pay close attention to how the enhancement was actually
implemented in the curriculum.
Students’ interest in learning mathematics can wane over the middle grades, and
curriculum designers are increasingly drawn towards quick solutions to attempt increase student
engagement with their materials. Many of these solutions can involve considerable cost to the
curriculum developer (e.g., hiring an artist or writing multiple versions of each problem), thus it
is important to consider how motivational enhancements impact students’ understanding of
mathematical ideas. Future research should delineate the most effective interest-enhancing
supports for different profiles of learners, and for different mathematical content areas.
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Figure 1. Screen Shot of the Genie 3 platform

Figure 2. Example of conditions in Study 1 (there was also a “No Illustration” condition)
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Figure 3. Average problem-solving performance for intervention problems by condition
(means and +/- 1 standard error bars adjusted for the covariates of pretest and previous lesson
performance)
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Figure 4. Average post-intervention quiz scores by condition (means and +/- 1 standard error
bars adjusted for the covariates of pretest and previous lesson performance)
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Figure 5. Average lesson ratings by condition (means and +/- 1 standard error bars adjusted for
the covariates of previous lesson ratings)

Figure 6. Control (non-personalized) problems in Experiment 2
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Figure 7. Average performance on the first problem (shallow personalization) by condition
(means and +/- 1 standard error bars adjusted for the covariates of mathematical knowledge)
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Figure 8. Average performance on the second problem (deep personalization) by condition
(means and +/- 1 standard error bars adjusted for the covariates of mathematical knowledge)

Table 1
School Demographics and Performance
Demographic Group
Hispanic/Latino

% School A
33.1

% School B
97.4

Asian

6.0

0

Black or African American

17.3

1.5

Native Hawaiian or other Pacific Islander

0.4

0

White

36.7

1.1

Two or more races

6.0

0

Economically disadvantaged

69.8

92.2

LEP

10.9

23.5

Special Education

4.8

6.7

Gifted and Talented

5.2

7.1

2014 STAAR Mathematics Passing Rate

30.2

24.3

Note: LEP = Limited English Proficient, STAAR Mathematics is the mandatory standardized
mathematics assessment students are required to take

Table 2
Output for regression model of problem-solving accuracy for intervention problems (Experiment
1)
Fixed effects
(Intercept)
Control
Diagrammatic
illustration
Contextual
illustration
Irrelevant
illustration
Misleading
illustration
Previous unit test
Previous lesson
performance

B
14.27
-3.41
(ref.)

SE(B)
3.09
3.44

t value
4.62
-.99

p value
<.001
.32

-4.39

3.50

-1.25

.21

-4.53

3.22

-1.41

.16

-3.60

3.23

-1.11

.27

.10
.74

.04
.04

2.38
16.95

.02
<.001

Table 3
Output for regression model of performance for post-intervention quiz (Experiment 1)
Fixed effects
(Intercept)
Control
Diagrammatic
illustration
Contextual
illustration
Irrelevant
illustration
Misleading
illustration
Previous unit
test
Previous lesson
performance

B
38.40
(ref.)
-16.69

SE(B)
6.85

t value
5.61

p value
<.001

7.86

-2.12

.04

-14.43

7.44

-1.94

.054

-10.09

7.30

-1.38

.17

-11.98

7.35

-1.63

.10

.46

.09

5.092

<.001

.20

.09

2.12

.04

Table 4
Output for regression model of performance for the shallow personalization problem
(Experiment 2)
Fixed effects
(Intercept)
Control
Survey
Personalized
Choice
Personalized
Random
Personalized
Previous lesson
performance
Guided study
score

B
27.46
(ref.)
-3.42

SE(B)
6.01

t value
4.57

p value
<.001

3.28

-1.04

.30

-.71

3.31

-.22

.82

.12

3.22

.04

.97

22.21

8.07

3.37

<.001

.40

.12

3.41

<.001

Table 5
Output for regression model of performance for the deep personalization problem with the
control as the reference (Experiment 2)
Fixed effects
(Intercept)
Control
Survey
Personalized
Choice
Personalized
Random
Personalized
Previous lesson
performance
Guided study
score

B
-6.43
(ref.)
8.76

SE(B)
7.53

t value
-.85

p value
.39

4.13

2.12

.04

11.82

4.15

2.85

.005

7.05

4.04

1.75

.08

42.01

10.13

4.15

<.001

.55

.15

3.74

<.001

Table 6
Output for regression model of performance for the deep personalization problem with the
choice personalization as the reference condition (Experiment 2)
Fixed effects
(Intercept)
Control
Survey
Personalized
Choice
Personalized
Random
Personalized
Previous lesson
performance
Guided study
score

B
5.39
-11.82
-3.06

SE(B)
8.04
4.15
4.32

t value
.67
-2.85
-.71

p value
.50
.005
.48

-4.76

4.20

-1.13

.26

42.01

10.13

4.15

<.001

.55

.15

3.74

<.001

(ref.)

Table 7
Output for regression model of performance for the posttest with the choice personalization
condition as the reference (Experiment 2)
Fixed effects
(Intercept)
Control
Survey
Personalized
Choice
Personalized
Random
Personalized
Previous lesson
performance
Guided study
score

B
19.17
-6.13
-9.07

SE(B)
11.69
5.96
6.17

t value
1.64
-1.03
-1.47

p value
.10
.31
.14

-12.92

6.03

-2.14

.03

19.09

14.59

1.31

.19

.38

.22

1.74

.08

(ref.)

Table 8
Output for regression model of performance for the posttest with the control condition as the
reference (Experiment 2)
Fixed effects
(Intercept)
Control
Survey
Personalized
Choice
Personalized
Random
Personalized
Previous lesson
performance
Guided study
score

B
13.05
(ref.)
-2.95

SE(B)
11.05

t value
1.18

p value
.24

5.91

-.50

.62

6.13

5.96

1.03

.31

-6.79

5.81

-1.17

.24

19.10

14.59

1.31

.19

.38

.21

1.74

.08

